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Abstract
Background: Diarrhea is common in patients with Crohn's disease and may be accompanied by acid base disorders, 
most commonly metabolic acidosis due to intestinal loss of bicarbonate.
Case Presentation: Here, we present a case of severe metabolic alkalosis in a young patient suffering from M. Crohn. 
The patient had undergone multiple resections of the intestine and suffered from chronic kidney disease. He was now 
referred to our clinic for recurrent acute kidney injury, the nature of which was pre-renal due to profound volume 
depletion. Renal failure was associated with marked hypochloremic metabolic alkalosis which only responded to high 
volume repletion and high dose blockade of gastric hypersecretion. Intestinal failure with stomal fluid losses of up to 
5.7 litres per day required port implantation to commence parenteral nutrition. Fluid and electrolyte replacement 
rapidly improved renal function and acid base homeostasis.
Conclusions: This case highlights the important role of gastrointestinal function to maintain acid base status in 
patients with Crohn's disease.
Background
Short bowel syndrome is a rare and devastating compli-
cation in chronic inflammatory bowel disease following
functional or anatomic loss of extensive segments of the
small intestine [1]. The incidence is estimated at 2-3 per
million [2]. The most common causes of short-bowel syn-
drome in adults include Crohn's disease, mesenteric isch-
emia, trauma, radiation enteritis and recurrent intestinal
obstruction. The clinical characteristics of short bowel
syndrome are defined by malabsorption, diarrhea, steat-
orrhea, fluid and electrolyte disturbances, and malnutri-
tion [3]. Patients are at risk to develop short bowel
syndrome if the length of viable small intestine is less
than 200 cm. Under such conditions the absorptive
capacity and intestinal adaptation is profoundly compro-
mised and often necessitates total parenteral nutrition.
With the advent of new immunosuppressive regimens
intestinal transplantation has become the main therapeu-
tic option in patients with irreversible intestinal failure.
Current 1-year graft survival rates are as high as 80-90%
[4].
Case Presentation
A 27-year-old malnourished male (BMI 14.8 kg/m2) was
referred to our hospital for recurrent acute kidney injury.
The patient had been discharged a month earlier with an
episode of acute kidney injury. Chronic kidney disease
stage III was known since 2005, a renal biopsy performed
in our clinic during his last hospitalization revealed
FSGS-like glomerular lesions as well as acute tubular
necrosis with mild oxalate deposits. Past medical history
was remarkable for the diagnosis of Crohn's disease at age
17. As part of complicated inflammatory bowel disease
the patient underwent subtotal colectomy in 2001, multi-
ple resections of the small intestine between 2005 and
2008, as well as rectum extirpation in 2008. The latter
procedure required placement of a terminal ileostoma.
Profound diarrhea and hypersecretion as well as two sei-
zures due to electrolyte disturbances following surgical
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procedures in 2005 required temporary home parenteral
nutrition via a port catheter. Following adaptation the
port system was removed. The patient had been on sys-
temic as well as local corticosteroids and mesalazine for
his medical condition in the past. Since fall 2008 the
patient was solely treated with biweekly injections of
adalimumab.
Vital signs upon presentation were as follows: blood
pressure 80/40 mmHg, heart rate 100 beats/min., respira-
tory rate 13/min., temperature 36.8° Celsius. Physical
examination was remarkable for cachexia, malnutrition
and severe dehydration. In addition skin pallor and naso-
labial dermatitis was noted. Initial laboratory tests were
remarkable for normochrome and normocytic anemia
(haemoglobin 8.6 g/dl) and acute kidney injury (creati-
nine 7.16 mg/dl, urea 117 mg/dl). Liver function and clot-
ting tests were normal, total protein was 63.5 g/l,
albumine 35.9 g/l. An arterial blood gas revealed severe
hypochloremic metabolic alkalosis with partial respira-
tory compensation, the elevated anion gap further sug-
gested metabolic acidosis (pH 7.56, pO2 80 mmHg, pCO2
58.2 mmHg, bicarbonate 52 mmol/l, sodium 133 mmol/l,
potassium 2.6 mmol/l, chloride 65 mmol/l, anion gap
16.4). The patient believably denied episodes of vomiting
or use of diuretics.
Urinalysis was only remarkable for alkaluria (pH 8.5)
and moderate proteinuria (1.1 g/g creatinine), the urinary
sediment was devoid of calcium oxalate crystals.
Due to the electrolyte imbalance further analysis of
electrolyte concentration within the urine and stomal
fluid was performed (table 1). Urinary chloride excretion
was negligible at 6 mmol/l whereas potassium excretion
was high at 113 mmol/l. With a serum and urine osmolal-
ity of 281 and 310 mosm/kg respectively, the transtubular
potassium gradient was ~39 suggesting renal potassium
wasting due to secondary hyperaldosteronism. Renin
concentration was markedly elevated at 144 pg/ml (nor-
mal range: 3-28), plasma aldosterone was only slightly
elevated at 176 pg/ml (normal range: 30-160) most likely
due to the fact that blood samples were taken two days
after admission when intensive potassium supplementa-
tion had already been initiated. Low urinary chloride
excretion suggested extrarenal chloride loss. Indeed,
stomal fluid losses were as high as 5700 ml per day and
fecal chloride excretion was substantial at 87 mmol/l
(table 1).
Upon admission the patient was rehydrated with physi-
ologic saline solution at a rate of 200 ml/hour via a
peripheral catheter. To each litre of infusion 20 mval
potassium chloride were added. Fluid losses (stomal fluid
and diuresis) averaged ~6.5 litres per day, oral fluid intake
during the first days was in the range of 4-5 litres. In
order to suppress gastric proton and chloride secretion
the patient was treated with high dose proton pump inhi-
bition (pantoprazole 8 mg/hour). Stool analysis did not
reveal bacterial overgrowth.
An oral enema with gastrografin supported the tenta-
tive diagnosis of short bowel syndrome. The intestinal
transit time from stomach to stoma was 6 minutes with
no evidence for a gastrointestinal fistula (figure 1). Com-
putertomography confirmed the diagnosis of short bowel
syndrome. Due to excessive stomal fluid losses port
implantation and nocturnal parenteral nutrition were ini-
tiated (1200 kcal).
Nasolabial dermatitis upon presentation was diagnosed
as acrodermatitis enteropathica due to zinc deficiency
(zinc level 23 μg/dl, normal range: 72-115, figure 2).
Accordingly, the patient also received micronutrients and
Table 1: Blood, urine and stomal fluid pH and electrolyte concentration
Parameter Blood Urine Stomal Fluid
pH
on admission 7.56 8.5 5.16
1 month later 7.36 5.5 5.97
K+ (mmol/l)
on admission 2.6 113 18
1 month later 4.1 59 12
Na+ (mmol/l)
on admission 133 50 59
1 month later 140 25 53
Cl -(mmol/l)
on admission 65 6 87
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vitamins. Notably, vitamin B12 levels were normal at 803
pg/ml (normal range: 200-1100) indicating an intact ter-
minal ileum.
Upon fluid replacement creatinine rapidly declined to
2.4 mg/dl (eGFR 32 ml/min) and thereby into the previ-
ously known range (figure 3). Initially, serum chloride
levels slowly increased, administration of i.v. pantozole
led to a rapid increase into the high normal range (figure
3). A follow-up arterial blood gas one week after admis-
sion showed marked improvement of acid-base homeo-
stasis (pH 7.46, pO2  130 mmHg, pCO2 39.4 mmHg,
bicarbonate 28 mmol/l, sodium 142 mmol/l, potassium
4.7 mmol/l, chloride 109 mmol/l, anion gap 5.0).
The patient was discharged in good condition after 11
days and advised to present at an intestine transplanta-
tion centre for evaluation of future combined intestinal
and renal transplantation. At a follow-up visit 1 month
later acid base and electrolyte imbalances had markedly
improved (table 1), i.e. fecal chloride excretion was much
lower at 46 mmol/l. Stomal fluid losses remained high at
~4000 ml/day.
Conclusions
Severe metabolic alkalosis is a rare finding in patients
with Crohn's disease. The most common acid-base disor-
der in these patients is metabolic acidosis due to D-Lac-
ta t e  upta k e  o r gast r o in t es ti nal  bica rbo na t e  los s. In ou r
patient metabolic alkalosis was triggered by gastrointesti-
nal losses of volume and chloride, resulting in renal bicar-
bonate retention. Secondary hyperaldosteronism caused
by volume depletion certainly contributed to metabolic
alkalosis. However, gastrointestinal chloride loss (87
mmol/l) was particularly prominent. The acidic stool, the
short intestinal transit time and the substantial improve-
ment of chloride loss in response to proton pump inhibi-
tion all point to gastral HCl secretion. Intestinal
inflammation may also lead to chloride secretion directly
from the inflamed intestinal mucosa. Thus, inflammation
reduces the intestinal expression of SLC26A3 [5] a chlo-
ride transporter that is mutated in patients with congeni-
tal chloridorrhea [6]. Acquired chloridorrhea has been
described in patients with intestinal inflammation due to
transplant rejection [7] and may be related to downregu-
lation of SLC26A3 [5].
In our patient short bowel syndrome was associated
with profound metabolic perturbations as evidenced by
severe alterations in acid base homeostasis. Cornerstones
in the treatment and management of severe metabolic
alkalosis are adequate volume repletion as well as admin-
istration of potassium chloride since volume contraction,
hypokalemia and hypochloremia are the key factors that
maintain the condition. Volume contraction causes a rise
in plasma bicarbonate concentration because there is
contraction of the extracellular volume around a rela-
tively constant quantity of extracellular bicarbonate [8].
Figure 1 Gastrografin enema. Transit time from stomach to stoma 
(arrow) was 6 min.
15:31 15:37
Figure 2 Acrodermatitis enteropathica due to zinc deficiency.
Figure 3 Course of creatinine and chloride during volume re-
placement.
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Hypokalemia stimulates intracellular shift of hydrogen, in
the kidney hypokalemia stimulates the luminally
expressed V-type H+-ATPase of type A intercalated cells
in the connecting tubules [9]. This results in proton
secretion as well as bicarbonate reabsorption by basolat-
eral chloride/bicarbonate exchangers [9]. Hypochloremia
reduces chloride reabsoprtion via the SLC26A4 (pendrin)
encoded Cl-/HCO3- exchanger that is positioned on the
apical membrane of type B intercalated cells [10]. This
exchanger is tightly regulated and governs chloride and
bicarbonate flux through the distal tubule. Consequently,
the patient received large amounts of i.v. infusions
together with potassium chloride.
Other therapeutic options in the management of meta-
bolic alkalosis include blockade of bicarbonate reabsorp-
tion using carbonic anhydrase inhibitors. However, drugs
such as acetazolamide promote potassium excretion by
impeding hydrogen-linked sodium reabsorption [11].
This may aggravate hypokalemia and was therefore not
considered in the present case. Antagonism of hyperal-
dosteronism using spironolactone may also be useful in
treating metabolic alkalosis. Aldosterone stimulates H+-
ATPase dependent bicarbonate reabsorption in all col-
lecting duct segments of type A intercalated cells in the
connecting tubules [12]. However, due to the patient's
underlying chronic kidney disease and acute kidney
injury treatment with spironolactone was not an option.
In cases of gastric hypersecretion H2-blockers as well
as proton pump inhibitors or octreotide have been used
to reduce stomal secretory losses which are in part trig-
gered by lack of counteracting intestinal hormones such
as gastric inhibitory polypeptide (GIP) or vasoactive
intestinal polypeptide (VIP) [13]. Indeed, administration
of pantozole hastened correction of hypochloremia in our
patient even though stomal fluid losses remained sub-
stantial.
In severe cases of metabolic alkalosis the use of lysine
or arginine hydrochloride may be considered. Consider-
ing the costs and side effects (hyperkalemia) these agents
are currently not advocated [14]. Finally, hydrochloric
acid has been used in humans to treat metabolic alkalosis,
however such strategy requires utmost patient care,
placement of a central venous catheter and close moni-
toring of arterial blood gases [15].
Other than that, patients are advised to small hourly
oral feedings with food items high in complex carbohy-
drates [16]. In patients undergoing parenteral nutrition
the initial formulation should guarantee adequate vol-
ume, electrolyte and micronutrient replacement. In
recent studies, a combination of glutamine and growth
hormone has been shown to hasten the adaptation pro-
cess and enhance mucosal growth [17]. Furthermore, glu-
cagon-like peptide 2 (GLP-2) has been implicated to
improve nutrient absorption [18].
In case intestinal adaptation fails to develop, long-term
parenteral nutrition is mandatory. Complications of par-
enteral nutrition include cathe t e r  i n f e c t i o n s  o r  o c c l u -
sions, venous thrombosis and progressive cholestatic
liver disease that often requires combined intestinal and
liver transplantation at later stages. Intestinal transplan-
tation is reserved for patients who are either not candi-
dates or have developed complications from long-term
parenteral nutrition and in whom adequate adaptation
does not occur.
In our case stomal fluid losses led to recurrent acute
kidney injury necessitating implantation of a port cathe-
ter for parenteral nutrition. Stomal fluid losses of ~5000
ml per day were substantial in the light of normal stool
volume which is in the range of 150 ml/day [19]. Under
such conditions fecal electrolyte excretion is negligible
(Na+ 20-30 mmol/l, K+ 55-75 mmol/l, Cl- 15-25 mmol/l)
[19]. Due to the daily stool volume fecal chloride loss in
our patient was markedly elevated and led to severe
hypochloremia. Unfortunately, the arterial blood gas ana-
lyzer was unable to measure urinary or fecal bicarbonate
concentrations. However, alkaluria (pH 8.5) suggests
renal bicarbonate excretion as a compensatory mecha-
nism in response to metabolic alkalosis. The latter was
perpetuated by several mechanisms including volume
contraction, hypokalemia, hypochloremia, secondary
hyperaldosteronism and most importantly persisting acid
losses via the stoma. In summary, our case highlights the
complex nature of acid-base disturbances in patients with
the short bowel syndrome.
Consent
Written informed consent was obtained from the patient
for publication of this case.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
JJ, SS, MO, KUE and KFH were the treating physicians of the patient reported.
KA performed the evaluation of the renal biopsy. AK and AS performed the
radiographic studies. The manuscript was prepared by JJ, all authors partici-
pated in the discussion of the manuscript and approved the final version.
Author Details
1Department of Nephrology and Hypertension, University Erlangen-
Nuremberg, Erlangen, Germany, 2Institute of Pathology, University Erlangen-
Nuremberg, Erlangen, Germany and 3Institute of Radiology, University 
Erlangen-Nuremberg, Erlangen, Germany
References
1. DiBaise JK, Young RJ, Vanderhoof JA: Intestinal rehabilitation and the 
short bowel syndrome: part 1.  Am J Gastroenterol 2004, 99(7):1386-1395.
2. Lennard-Jones JE: Indications and need for long-term parenteral 
nutrition: implications for intestinal transplantation.  Transplant Proc 
1990, 22(6):2427-2429.
Received: 31 August 2009 Accepted: 18 April 2010 
Published: 18 April 2010
This article is available from: http://www.biomedcentral.com/1471-2369/11/6 © 2010 Jacobi et al; licensee BioMed Central Ltd.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. BMC Nephrology 2010, 11:6Jacobi et al. BMC Nephrology 2010, 11:6
http://www.biomedcentral.com/1471-2369/11/6
Page 5 of 5
3. Amasheh M, Kroesen AJ, Schulzke JD: [Short bowel syndrome: which 
remedy, which nutrition and which surgical options?].  Dtsch Med 
Wochenschr 2007, 132(34-35):1763-1767.
4. Pascher A, Kohler S, Neuhaus P, Pratschke J: Present status and future 
perspectives of intestinal transplantation.  Transpl Int 2008, 
21(5):401-414.
5. Yang H, Jiang W, Furth EE, Wen X, Katz JP, Sellon RK, Silberg DG, Antalis TM, 
Schweinfest CW, Wu GD: Intestinal inflammation reduces expression of 
DRA, a transporter responsible for congenital chloride diarrhea.  Am J 
Physiol 1998, 275(6 Pt 1):G1445-1453.
6. Makela S, Kere J, Holmberg C, Hoglund P: SLC26A3 mutations in 
congenital chloride diarrhea.  Hum Mutat 2002, 20(6):425-438.
7. Marx M, Marx C, Luft FC: Dysarthria in a patient with probable acquired 
chloridorrhea.  Am J Kidney Dis 2003, 42(6):1283-1286.
8. Garella S, Chang BS, Kahn SI: Dilution acidosis and contraction alkalosis: 
review of a concept.  Kidney Int 1975, 8(5):279-283.
9. Wagner CA, Devuyst O, Bourgeois S, Mohebbi N: Regulated acid-base 
transport in the collecting duct.  Pflugers Arch 2009, 458(1):137-56.
10. Ohana E, Yang D, Shcheynikov N, Muallem S: Diverse transport modes by 
the Solute Carrier 26 family of anion transporters.  J Physiol 2008, 587(Pt 
10):2179-85.
11. Gennari FJ: Hypokalemia.  N Engl J Med 1998, 339(7):451-458.
12. Winter C, Schulz N, Giebisch G, Geibel JP, Wagner CA: Nongenomic 
stimulation of vacuolar H+-ATPases in intercalated renal tubule cells by 
aldosterone.  Proc Natl Acad Sci USA 2004, 101(8):2636-2641.
13. Jeppesen PB, Staun M, Tjellesen L, Mortensen PB: Effect of intravenous 
ranitidine and omeprazole on intestinal absorption of water, sodium, 
and macronutrients in patients with intestinal resection.  Gut 1998, 
43(6):763-769.
14. Galla JH: Metabolic alkalosis.  J Am Soc Nephrol 2000, 11(2):369-375.
15. Korkmaz A, Yildirim E, Aras N, Ercan F: Hydrochloric acid for treating 
metabolic alkalosis.  Jpn J Surg 1989, 9(5):519-523.
16. Wilmore DW: Indications for specific therapy in the rehabilitation of 
patients with the short-bowel syndrome.  Best Pract Res Clin 
Gastroenterol 2003, 17(6):895-906.
17. Byrne TA, Persinger RL, Young LS, Ziegler TR, Wilmore DW: A new 
treatment for patients with short-bowel syndrome. Growth hormone, 
glutamine, and a modified diet.  Ann Surg 1995, 222(3):243-254.
18. Jeppesen PB, Hartmann B, Thulesen J, Graff J, Lohmann J, Hansen BS, 
Tofteng F, Poulsen SS, Madsen JL, Holst JJ, Mortensen PB: Glucagon-like 
peptide 2 improves nutrient absorption and nutritional status in short-
bowel patients with no colon.  Gastroenterology 2001, 120(4):806-815.
19. Weise WJ, Serrano FA, Fought J, Gennari FJ: Acute electrolyte and acid-
base disorders in patients with ileostomies: a case series.  Am J Kidney 
Dis 2008, 52(3):494-500.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2369/11/6/prepub
doi: 10.1186/1471-2369-11-6
Cite this article as: Jacobi et al., Severe metabolic alkalosis and recurrent 
acute on chronic kidney injury in a patient with Crohn's disease BMC Nephrol-
ogy 2010, 11:6